Pedin, a peptide of 13 amino acids, stimulates foot formation in hydra, one of the simplest metazoan animals. Here, we show that the corresponding transcripts are 3.8 kb in size encoding a precursor protein with a size of about 110 kDa, which contains 13 copies of the peptide. Interestingly, the deduced amino acid sequence of the precursor comprises 27 copies of a b-thymosin-like repeat domain. Hence, we named the precursor protein thypedin. Pedin transcripts are present along the body axis of the animal with slightly higher abundance in the foot to bud region and in the head. Pedin is expressed mainly in epithelial cells of the ectoderm and endoderm. During budding it is present in the evaginating bud. The early appearance of transcripts during phases of cell-fate specification like budding indicates that pedin may be involved in differentiation processes in hydra. This is confirmed by the fact that pedin stimulates bud outgrowth. Thymosin-repeat containing proteins are well known for their regulatory influence on actin polymerisation. Here we show the first indirect evidence that thypedin may be able to interact with actin as well. Since actin polymerisation and depolymerisation processes are known to take place during morphogenetic processes, these findings may hint at new aspects of the function of pedin and its precursor in pattern formation in hydra. q
Introduction
In vertebrates, peptides have been found to act as signalling molecules in such diverse processes as regulation of hormone secretion, regulation of the immune response, modulation of neurotransmitter release, and the production of action potentials. During the last years, several peptides have been isolated from Cnidarians (Bosch and Fujisawa, 2001; Grimmelikhuijzen et al., 1999; Schaller et al., 1996; Takahashi et al., 1997) . Some of them have been shown to be involved in the regulation of pattern formation, a function, which in vertebrates, is mainly ascribed to proteins like members of the wingless, Hedgehog or TGFb families.
Cnidarians, such as the freshwater polyp Hydra, are considered to be one of the most ancient multicellular animal groups. The radially symmetric animals have only one prominent axis. The apical pole gives rise to differentiated head structures with hypostome and tentacles while the basal pole at the opposite end comprises the foot, with basal disc and stalk region. The head and the foot contain mainly terminally differentiated cells, whereas epithelial and interstitial cells in the body column continuously proliferate (Bode, 1996; Campbell, 1967) . Because of their striking ability to regenerate missing parts even as adult animals, these polyps can be regarded as permanent embryos, in which patterning and differentiation processes have to be tightly regulated to maintain the body structure. Removal of the head or foot induces the stem cells of the remaining gastric column to differentiate into hypostomal and tentacle cells of the head or into peduncle and foot mucous cells of the foot.
The original polarity is maintained during this process (Wilby and Webster, 1970) . The decision to undergo head-or foot-specific differentiation is strictly regulated.
During the last years peptides were isolated from hydra tissue either as immune-like reactivity to antipeptide antisera (Moosler et al., 1996) or as bulk preparation in an attempt to obtain as many peptides from hydra tissue as possible (Takahashi et al., 1997) .
These peptides have been further tested for biological effects and shown to elicit such effects as muscle contraction or nerve cell differentiation (Mitgutsch et al., 1999; Takahashi et al., 2000) .
In an alternative approach, molecules underlying a given biological function have been analysed. This approach has led to the isolation of three morphogenetically active molecules from hydra tissue, namely head activator (Schaller and Bodenmüller, 1981) , pedin and pedibin (Hoffmeister, 1996) , where the former is prominently involved in head-specific differentiation processes and the latter two in foot-specific differentiation processes. Pedin and pedibin have some properties in common with a foot activator proposed earlier (Grimmelikhuijzen, 1979; Grimmelikhuijzen and Schaller, 1977) . The foot activator characteristics are in agreement with the foot-forming potential as deduced from transplantation experiments (Burt, 1925; Hicklin and Wolpert, 1973; MacWilliams and Kafatos, 1968; Yao, 1945) . A first analysis of the action of pedin showed that it fits fairly well to the description of the foot activator in that it stimulates foot regeneration, the proliferation of big interstitial cells, and the differentiation of nerve cells. It is underrepresented in a foot-regeneration deficient strain of Hydra oligactis and occurs with higher concentration in the lower part of the animal than in the upper part (Hoffmeister, 1996) .
Here, we characterise the cDNA for pedin, which reveals that the peptide is synthesised as a multi-copy precursor, coding not only for the mature pedin peptide, but also for multiple thymosin-like repeats. Our evolutionary analysis suggests that the precursor is an ancient member of the b-thymosin repeat-like domain containing protein family.
Results

The pedin cDNA codes for a precursor protein of 1089 amino acids
The pedin cDNA was cloned by a PCR-based approach using poly (A) C RNA from Hydra magnipapillata and yielded a fragment of 43 nucleotides. The new sequence information allowed the design of primers for a 3 0 RACE PCR approach. The resulting larger cDNA-fragments were then used to screen an oligo (dT)-primed lZAP cDNA library of Hydra vulgaris. The largest positive clone contained a pedin cDNA of 3.8 kb.
Since the size of the transcript is about 3.8 kb (Fig. 1) , the obtained cDNA very likely represents a full-length transcript.
The northern blot analysis also shows that the pedin transcripts in the three different body regions of hydra are identical in size, and are represented with slightly higher abundance in the foot and lower part of the animal than in the upper part. These data correspond with what has been found by radioimmunoassay for the peptide earlier (Hoffmeister, 1996) . The data also show that pedin transcripts are more abundant in the head of the animal than in the body column, although to a lesser extent than in the foot (Fig. 1A,B) .
The pedin precursor protein deduced from the cDNA consists of 1089 amino acids (Fig. 2) . Using the PSORT program (Bairoch and Apweiler, 2000) , the pedin precursor protein was predicted to lack a signal sequence, as was found for other Cnidarian peptides earlier (Harafuji et al., 2001; Hoffmeister-Ullerich, 2001 ). Furthermore, the pedin precursor contains 13 copies of the unprocessed pedin peptide, thereby resembling the structure of precursor proteins for several neuropeptides isolated from Cnidarians (Darmer et al., 1998; Darmer et al., 1991; Leviev and Grimmelikhuijzen, 1995; Leviev et al., 1997) . The pedin peptide, isolated from hydra tissue, is flanked at the N-terminus by arginine, which probably serves as a substrate for a monobasic endopeptidase (Acher et al., 2002; Rouille et al., 1992) . However, processing at the C-terminus of each pedin copy is less classical. For the liberation of the mature peptide, which was isolated from hydra tissue, an endopeptidase hydrolysing at the C-terminal side of glutamic acid must be postulated. Such an enzyme has previously been proposed to act as a processing enzyme in Cnidarians . Interspersed between the pedin repeats are 27 thymosin repeats. The type 1 repeats contain 48.6% identity over 37 residues and the type 2 repeats contain 54.8% identity over 31 residues overlap with thymosin-b4 (Tb4) (Fig. 3) . The type 1 repeats include the last five amino acids of the mature pedin peptide (P D V S E) at their N-terminus while the type 2 repeats include the first six amino acids of the pedin peptide (E E L R P E) at their C-terminus (underlined in Fig. 3) .
The beta thymosins are a highly conserved family of strongly polar 5 kDa polypeptides that are widely distributed among vertebrate classes. Thymosin-b4 provides a buffer of ATP-actin monomers that participates in actin polymerisation-dependent processes such as endocytosis, division, cell movement, and morphogenesis. The Tb4 protein family is a distinct subfamily of a broader group of related proteins known as the WH2 motif-containing proteins (WiscottAldridge syndrome protein (WASp) homology domain 2) (Paunola et al., 2002) . The WH2 domain is a small motif (ca. 35 amino acids), and all available biochemical data indicate that WH2 domains bind to actin monomers. b-Thymosins are composed of a single WH2 domain while yeast verprolin and human WIP (WASP-interacting protein) contain two WH2 motifs (Paunola et al., 2002) . Proteins with strong sequence similarity to b-thymosins which contain more than two WH2 motifs were identified in Drosophila melanogaster, Caenorhabditis elegans, and Hermissenda crassicornis. The Ciboulot protein from Drosophila melanogaster contains three thymosin repeats (Boquet et al., 2000) ; as the name implies tetraThymosinbeta from Caenorhabditis elegans contains four thymosin repeats (Van Troys et al., 2004 , and cytoskeletal-related protein 24 (Csp24) from the mollusc contains five thymosin repeats (Crow and Xue-Bian, 2000; Crow and Xue-Bian, 2002) . The relatedness of the pedin precursor (full-length) to the WH2 motifcontaining proteins is shown in Fig. 4 . The tree was produced from an alignment by the Clustal-X software (Thompson et al., 1994) and places the pedin precursor in close proximity to the thymosins, Ciboulot, Csp24, and tetraThymosin. Hence, we named the pedin precursor thypedin.
Pattern of pedin expression
The distribution of the pedin transcripts was analysed with digoxigenin-labelled riboprobes on whole mounts of Hydra vulgaris. In accordance to the results obtained by northern blot analysis, slightly higher concentrations of pedin mRNA were found in the foot and the head of the animal ( Figs. 1 and 5 ). An accumulation of pedin transcripts could be detected in regions of the body column, where a bud will develop. Accordingly, pedin expression was also detectable in early evaginating buds (Fig. 5C,B) . At stage 7 of bud development (Otto and Campbell, 1977) , the staining was more or less evenly distributed over the whole bud (Fig. 5A,B) . At stages 8-9, when the future foot of the bud develops, a constriction at the basal end of the bud was formed (Fig. 5C ). Pedin expression was slightly more concentrated in this area. The intensity of pedin expression in the body region at this stage of bud development was clearly decreased compared to earlier stages and thus resembled the expression pattern found in the adult animal.
Pedin stimulates the outgrowth of buds
The very early pedin expression in buds led us to test whether pedin might be involved in the regulation of budding. For this purpose well-fed animals were collected from the culture and subjected to different concentrations of the peptide. After 5 h of incubation the number of buds was counted in animals which had been subjected to peptide as well as in animals without peptide treatment as control. For an individual experiment, three times 20-30 animals were used for each pedin concentration tested and for the control. Since we started out from budless animals, clearly visible bud protrusions (described as stage three (Otto and Campbell, 1977) ) were counted. The counting of the buds was performed 
Regulation of pedin expression during regeneration
Since the pedin peptide was originally isolated by virtue of its stimulating influence on foot regeneration, we investigated the expression of pedin transcripts during foot regeneration of Hydra vulgaris. The results presented in Fig. 7 show that one hour after cutting off the feet of the animals the pedin expression ceased, but was increased 4 h after cutting. Thereafter, the expression declined again. The increase in expression was not restricted to the regenerating tip, but was detectable in the whole regenerating animal. After 30 h, a regenerated basal disc was discernable in most of the regenerates and the pedin expression started to regain the distribution found in complete non-regenerating animals with slightly higher levels of expression in the head and in the foot as compared to the gastric column.
Immunohistochemical localisation of pedin
For further biochemical characterisation, an antiserum was raised against the peptide. Application of the affinity purified antiserum to western blot analysis revealed a major band in the range of 110 kDa and a ladder of smaller bands, most likely due to processing products of thypedin (Fig. 8A) . The immunoblot shows that the antiserum is able to interact with thypedin. Therefore, the immunohistochemical analysis cannot distinguish between precursor Fig. 3 . Alignment of the repetitive thymosin repeats. Multiple sequence alignment of the thymosin repeats found in thypedin and different members of the b-thymosin family. Residues which are identical in the thypedin fragments and thymosin-b4 are shown in red. The respective fragments of thypedin are given by the numbers of the amino acid positions. The respective fragments of the pedin repeats are underlined. The b-thymosin repeats of thypedin can be divided into two groups, here named type 1 and type 2 repeat. The alignment was done with the MULTALIGN program (Multiple sequence alignment with hierarchical clustering, (Corpet, 1988) ). and mature peptide. Immunoreactive cells were localised in the endoderm as well as in the ectoderm of the animals (Fig. 8B ). This finding correlates very well with the data obtained by in situ hybridisation (Fig. 5D) . Binding of the antiserum to the tissue sections could be prevented by preincubation of the serum with synthetic peptide (Fig. 8C) . The precursor/peptide expressing cells appeared to be mainly of epithelial origin. For a closer examination, animals were macerated into single cells and subjected to immunocytochemistry. As can be seen in Fig. 8D ,E immunoreactivity was found predominantly in the apex of epithelial cells. Some of the stained cells belonged to the interstitial and mucous cell lines (data not shown).
Colocalisation of pedin with actin
Since WH2 domain-containing proteins are able to interact with actin, we tested whether thypedin could be colocalised with G-actin in hydra tissue. For this purpose cryosections of fixed hydra tissue were simultaneously incubated with affinity-purified antiserum against pedin and antiserum against G-actin. Analysis by confocal microscopy revealed at least a partial overlap (Fig. 9C ) in the distribution of pedin (Fig. 9A) and actin (Fig. 9B) . Coimmunoprecipitation experiments further confirmed that thypedin is able to interact with actin (Fig. 9D) . Fig. 4 . Unrooted phylogenetic tree of selected b-thymosin domain-containing proteins including the pedin precursor (full-length). An unrooted phylogenetic tree was generated (Clustal-W program). A bar showing 10% divergence is included. Species abbreviations are as follows: Ac, Acanthamoeba castellanii; Ai, Atgopectin irradians; At, Arabidopsis thaliana; Ce, Caenorhabditis elegans; Dd, Dictyostelium discoideum; Dm, Drosophila melanogaster; Eh, Entamoeba histolytica; Hc, Hermissenda crassicornis; Hs, Homo sapiens; Mm, Mus musculus; Om, Oncorhynehus mykiss; Rn, Rattus norwegicus; Sc, Saccharomyces cerevisiae. Accession numbers: A36614, B59005, NP_194664, NP_194663, NP_179567, NP_179566, NP_200471, AAB71308, AAF53042, AAD29083, BAA07198, BAA21997, AY129236, Q9Y281, BAA81795, BAA81796, AAC03767, O00401, O43516, CAC22282, P20065, AAH02080, S21282, NP_003922, NP_114083, P07274, NP_444252, NP_525065, NP_079560, AAW82079.
Discussion
Structure of thypedin
Pedin, a peptide consisting of 13 amino acids, has been isolated from hydra tissue by two independent approaches (Hoffmeister, 1996; Takahashi et al., 1997) . The peptide was originally shown to stimulate foot-specific differentiation processes, proliferation of interstitial cells, and differentiation of nerve cells. Therefore, this peptide can be regarded as being involved in the regulation of differentiation processes in hydra (Hoffmeister, 1996) . Cloning of the peptide encoding transcript yielded a cDNA of 3.8 kb, representing the full-length mRNA of the pedin precursor (Fig. 1) . As has been previously found for other hydra peptides (Grimmelikhuijzen and Westfall, 1995) , the pedin sequence is represented on the precursor in multiple copies. Leucine and arginine, well-accepted targets for processing enzymes, precede the N-terminus of the mature peptide. The work of Grimmelikhiujzen et al. (Grimmelikhuijzen and Westfall, 1995; Leviev and Grimmelikhuijzen, 1995; Reinscheid and Grimmelikhuijzen, 1994; Schmutzler et al., 1992) has shown that in addition to well-known processing enzymes, novel prohormone processing enzymes must be present in Cnidarians. These include a processing enzyme which hydrolyses at the C-terminal sides of acidic (Asp and Glu) residues. Thus, 13 copies of the mature pedin peptide can be liberated from its precursor. Sequence comparison revealed very high homologies between the pedin Fig. 7 . Expression of pedin is regulated during foot regeneration. Whole mount in situ hybridisation of regenerates shows that pedin mRNA is downregulated one hour after cutting, while it is thereafter up regulated and reaches a maximum at 4-6 h after cutting. The transcripts appear to be expressed in comparable amounts along the axis. Regeneration is more or less complete 30 h after cutting, with a basal disc being formed at the regenerating tip. bd, Basal disc. Fig. 6 . Pedin stimulates bud outgrowth. Well-fed animals without buds were kept in hydra medium alone or with increasing concentrations of pedin and monitored for bud outgrowth. Shown are the percentages of animals bearing a bud 5 h after addition of peptide. The graph shows the results of three independent experiments, the vertical bars represent SD. The total number of animals analysed was 218 for the controls, 213 for 5 nM pedin and 220 for 50 nM pedin. Bud stages are defined as described in Otto and Campbell (1977) . b, Bud; ec, ectoderm; en, endoderm; f, foot; h, head; t, tentacle.
precursor and thymosin (Fig. 3) . Thymosin-like regions were found to be represented 27 times on the pedin precursor, with varying degrees of identity (48-54%) for a given repeat. Thymosin-b4 (Tb4) is the ubiquitous actin monomer sequestering protein in mammalian cells (dos Remedios et al., 2003) . The Tb4 protein family is a distinct subfamily of a broader group of related proteins, the WH2 motif-containing proteins. At least 37 WH2 domain-containing proteins have been identified so far (Paunola et al., 2002) . The molecular weights of these proteins range from 5 to 150 kDa, and they contain from 1 to 5 copies of the domain per protein. Recently, WH2 domain-containing proteins with strong similarity to b-thymosins were identified in D. melanogaster, C. elegans, and H. crassicornis. These proteins were named ciboulot, tetraThymosinbeta, and Csp24 (Boquet et al., 2000; Van Troys et al., 2004) . Ciboulot (Cib) plays a major role in axonal growth during Drosophila brain metamorphosis. Loss of Cib function leads to axonal growth defects in the central brain, while overexpression of the gene during development leads to overgrowth of projections (Boquet et al., 2000) . The C. elegans protein tetraThymosinbeta is expressed in developing neurons and is of crucial importance at specific developmental stages requiring actin polymerisation (Van Troys et al., 2004) . It thus appears that the pedin precursor is a new member in this family of WH2 domain-containing proteins which is implicated in the regulation of developmental processes.
Expression pattern of thypedin
Analysis of the expression of thypedin transcripts in hydra tissue showed that the transcripts are expressed in the ectoderm and endoderm of the animal. They can be found all along the body axis of the animal with elevated levels of expression in the foot region and developing buds. These For the colocalisation of pedin and actin in hydra tissue, cryosections of fixed animals were incubated with affinity purified anti-pedin and anti-actin antisera. The anti-pedin antiserum was raised in rabbits and visualized with a Cy3-labelled anti-rabbit secondary antiserum, shown in A, the anti-actin antibody was raised in mice and detected with a FITC-labelled antimouse antiserum, shown in B. C is an overlay of A and B, showing the regions, where actin and pedin are colocalised in yellow. D, Hydra extracts were immunoprecipitated with affinity-purified anti-pedin antiserum. After six washes, bound material was eluted with 100 mM glycine, pH 2.5, and subjected to SDS gel electrophoresis. The blot was incubated with an anti-actin antiserum, followed by a second incubation with an anti-mouse antiserum, coupled to alkaline phosphatase. The blot was developed with NBT/BCIP and showed a band in the molecular size range of actin.
results are in good accordance with the data obtained from northern blot analysis (Fig. 1) and the finding that pedin is able to stimulate the outgrowth of buds (Fig. 6) . Immunocytochemical localisation of pedin showed that the peptides and/or their precursors have a comparable distribution as the transcripts (Figs. 5 and 8 ) and that they are mainly produced in epithelial cells. This finding was unexpected, since although epitheliopeptides are known to occur in hydra (Harafuji et al., 2001; Hoffmeister-Ullerich, 2001 ), so far precursors containing multiple copies of a given mature peptide have only been found for peptides expressed in nerve cells (Hansen et al., 2002) . It remains open whether this can be taken as an indication for the close relatedness of epithelial cells and nerve cells in a representative of a phylum, where nerve cells occur for the first time in evolution. The expression of pedin transcripts was up regulated in the whole regenerating animal early during regeneration (Fig. 7) . This is contrary to what has been observed for pedibin, another peptide which stimulates footspecific differentiation processes (Hoffmeister-Ullerich, 2001 ). The expression of pedibin is restricted to the regenerating tip after excision of the foot. However, during the course of regeneration, pedibin expression gets less restricted, spreading out over the rest of the body column (at about 18 h for foot regeneration). Some 6-8 h later, the restricted pattern is achieved again. These changes in expression pattern indicate the occurrence of a sort of temporary over-reaction which includes the majority of cells in the regenerating animal. Hym-323, a third peptide involved in foot-patterning processes in hydra (Harafuji et al., 2001) , was shown to be expressed in all regions of the animal except the foot, thus being present in cells of the animal that are undergoing cell division and are capable of foot formation. The fact that all three of the peptides found to be involved in foot formation show different distributions in the non-regenerating animal and during regeneration implies that they fulfil different functions during the process of foot differentiation. Pedin, for instance, might be involved during early regeneration by stimulating cell proliferation (and cell migration), whereas pedibin, as well as Hym-323, might be responsible for cell fate specification. Analysis of functional knock-outs, and the identification of the respective interaction partners of each of the peptides, should shed more light on the regulation of foot formation in hydra.
Since pedin was originally isolated because of its stimulatory influence on foot regeneration, the stimulation of bud outgrowth was an unexpected finding. Nevertheless, former experiments have already shown that secondary basal discs derived from implants induced a phenomenal increase in budding compared to the controls (Sinha and Mookerjee, 1992) and that the lower peduncle and foot exert a promoting effect on budding (Schiliro et al., 1999) . Moreover, pedibin was also shown to have a stimulatory influence on budding (Hoffmeister-Ullerich, 2001 ). These findings indicate a positive cross reaction between the head and the foot system during budding in hydra. Further evidence for such a crosstalk comes from recent findings of Siebert et al. looking at the transcriptional control of foot formation (Siebert et al., in press ). Independent from this, the positive effect of pedin on budding might also be merely linked to its capability to stimulate mitosis of big interstitial cells and terminal differentiation of nerve cells (Hoffmeister, 1996) . However, we did not find any significant effect of pedin on head regeneration.
Function of thypedin
Since the presence of WH2 domains in thypedin hinted at putative interactions with actin, we investigated this by means of coimmunoprecipitation and colocalisation in cryosections of hydra tissue. For both experiments, an affinity-purified antiserum, which had been generated against the mature pedin peptide, was used. This antiserum was also shown to interact with thypedin in western blot analysis (Fig. 8A) . The results of these experiments imply that thypedin is colocalised with actin. Different functions of precursors and their processed derivatives have already been described. For example, recent investigations of the role of neurotrophin precursors suggested that the precursors and their enzymatically cleaved pro-region fragments may also have important physiological functions (Zhou et al., 2004) . Another example is the precursor for nerve growth factor (NGF) which is released from cells and binds, in its unprocessed full-length precursor form, to the NGF receptor, p75NTR, with high affinity and induces apoptosis of neurons and glia (Beattie et al., 2002; Lee et al., 2001 ). Moreover, proNGF was shown to bind with high affinity to another receptor, sortilin, form a complex with p75NTR and cause apoptosis (Nykjaer et al., 2004) . Thymosin-b4, as well as b-thymosin repeat-containing proteins, have been shown to play important roles in the regulation of cell migration, survival, regeneration and differentiation (Bock-Marquette et al., 2004; Boquet et al., 2000; Van Troys et al., 2004) . Since the pedin precursor, thypedin, contains multiple b-thymosin-like domains, this precursor protein could be used in two different ways: on one hand it could give rise to the processed pedin peptides, on the other hand, in its unprocessed form, it could interact with actin and thus exert an influence on patterning.
More extensive studies will be necessary to clarify whether the colocalisation of thypedin and actin is of any functional relevance and whether thypedin exerts any physiological function of its own. Alternatively, thypedin might solely function as a precursor for pedin. In this situation, it might be thypedin which is sequestered by actin thus not being amenable for processing of the mature peptide.
Experimental procedures
Animals
Hydra vulgaris were cultured in a medium consisting of 1 mM CaCl 2 , 0.1 mM KCl, 0.1 mM MgCl, buffered with 0.5 mM sodium phosphate, pH 7.6. They were fed daily with nauplii of Artemia salina and washed 5-6 h after feeding. The water temperature was kept at 19G2 8C. For all experiments animals were starved for one day before use.
Peptides
Pedin was purchased from BACHEM (Heidelberg).
Isolation of a pedin cDNA
RT-PCR was performed with the degenerate primers deduced from the pedin amino acid sequence, 5 0 -(AT)(AT) (GATC)GA(GA)GA(GA)(TC)T(GATC)(AC)G(AT)CC-3 0 and 5 0 -(AT)(GATC)(GA)AG(GATC)(GC)(AT)(GATC) AC(GA)TC(AT)GG-3 0 , using Hydra magnipapillata cDNA as a template. Amplified fragments were cloned and sequenced, and then a 3 0 -RACE primer, 5 0 -ACCA-GAAGTTTTACCTG-3 0 , was designed from the clones of 43 bp in length. An obtained 3 0 -RACE clone, 108 bp long, was used as a probe to screen Hydra cDNA libraries. Only a partial-length clone was obtained from a H. magnipapillata cDNA library. A Hydra vulgaris oligo (dT)-primed l ZAP cDNA library was screened with this probe and this resulted in several clones of approximately 3.8 kb length. Sequence analysis was performed using the Erase A Base System (Promega) for deriving subclones, which were subsequently subjected to automated sequencing.
Northern blot analysis
Hydra vulgaris were cut into heads, gastric regions, and feet and approximately 2 mg of poly (A) C RNA from each fraction were subjected to northern blotting. Hybridisation with a [a-32 P] dATP-labelled 483 bp pedin fragment, corresponding to nucleotides 2592-3075 of the pedin cDNA was carried out using Expresshyb hybridisation solution (Clontech) at 50 8C. The filter was washed with 2xSSC, 0.1% SDS at 37 8C and autoradiographed on Kodak BIOMAX MS film.
In situ hybridisation
For the in situ hybridisation studies in Hydra vulgaris a 483 bp long fragment of the pedin cDNA, corresponding to nucleotides 2592-3075, and a full-length clone were used for the generation of digoxigenin labelled riboprobes. In situ hybridisation was performed as described by Grens et al. (1996) .
Assay of bud outgrowth
Well-fed animals without buds were selected from the culture. As previously described for head activator (Schaller et al., 1979) , about 25 animals were subjected to different concentrations of pedin or medium alone for the control in a volume of 10 ml. For each concentration or controls, three times 25 animals were used per experiment. Bud-outgrowth was monitored 5 h after addition of the peptide. A clearly visible bud protrusion was counted as bud. The counting of the bud protrusions was carried out as blind experiments, e.g. without knowing to which group the counted animals belonged.
Antiserum
For the generation of antiserum, rabbits were immunised with pedin coupled to ovalbumin via an additional cysteine at the carboxyterminus of the pedin peptide (Eurogentec). The serum used here was affinity-purified prior to use in immunohistochemistry and western blot analysis. For this purpose the peptide was coupled to a sulfolink matrix (Pierce) and the purification was performed according to the manufacturer's instructions.
Western blot analysis
For the preparation of extracts, 1 g of lyophilized Hydra vulgaris (15,000-20,000 animals) was sonified three times for 7 s on ice (Branson Sonifier 250) in a buffer consisting of 20 mM citrate, 0.28 M sucrose, 5 mM EDTA, 3 mM EGTA, 0.3 mM phenylmethylsulfonylfluoride (Serva), and 0.5 mg/ml leupeptin (Roche), pH 6.0. The homogenate was centrifuged for 15 min at 5000!g at 4 8C. Sonification and centrifugation were repeated and the pooled supernatants were centrifuged for 30 min at 48,000!g at 4 8C. The obtained supernatant contained the cytosolic fraction. The extracts were subjected to SDS-gel-electrophoresis as described (Laemmli, 1970) . Pedin was detected on the blots with an affinity-purified antiserum used at a dilution of 1:100, and visualized with an alkaline phosphatase conjugated secondary antibody (Promega) at a dilution of 1:7500.
Coimmunoprecipitation
Hydra extracts were precipitated with affinity-purified antiserum irreversibly coupled to amino link coupling gel (PIERCE). After six washes, bound material was eluted with 100 mM glycine, pH 2.5 and subjected to SDS-gelelectrophoresis. The blot was incubated with an antiserum directed against actin (ICN), followed by incubation with an anti-mouse antiserum, coupled to alkaline phosphatase (Sigma). The blot was developed with BCIP/NBT.
Immunohistochemistry
Animals of Hydra vulgaris were fixed overnight at 4 8C in Lavdowsky's fixative (4% acetic acid, 3.7% formaldehyde, 50% ethanol) (Dunne et al., 1985) in all experiments, where secondary antiserum coupled to alkaline phosphatase was used. If fluorescently labelled secondary antiserum was applied, animals were fixed overnight at 4 8C in 4% paraformaldehyde in PBS. For cryosectioning, the specimen were transferred to 30% sucrose in PBS after fixation, embedded in Tissue Tek (Sakura) and 15 mm thick sections were cut. For single cell preparations, hydra were macerated in 7% acetic acid, 7% glycerol and fixed with 4% paraformaldehyde (David, 1973) before spreading on HistoBond adhesion slides (Marienfeld GmbH).
For the colocalisation of pedin and actin in hydra tissue, cryosections of fixed animals were incubated with affinity purified rabbit anti-pedin antiserum and a mouse monoclonal anti-actin antibody. The anti-pedin antiserum was visualized with a Cy3-labelled anti-rabbit secondary antiserum (Amersham) and the anti-actin (ICN) was detected with a FITC-labelled anti-mouse antiserum (Sigma). The micrographs were obtained using a Leica SP2 confocal laser scanning microscope. To avoid crosstalk, images of different fluorophores were taken in a sequential dual channel recording mode.
